With regard to corotation and flows in general, the angular response of the Low-Energy Charged Particle (LECP) detectors on Voyagers 1 and 2 to the convecting plasma of Jupiter's magnetodisc has been analyzed [Carbary et al., 1981] using the angular anisotropy introduced by the Compton-Getting effect [Compton and Getting, 1935] . Their analysis was limited to -1 MeV protons, where a power law spectrum was assumed. Their calculated convection velocities generally increase with increasing distance, with the peak values nearly rigidly corotational (at the rotation rate of Jupiter). Independent measurements have also been made using the plasma sci-the nearly steady rate of azimuthal angular velocity of plasma as determined from the LECP measurements in the outer magnetosphere. We revisit this problem in light of results from the nightside region.
The presence of hot heavy ions in the magnetodisc presents a problem for adiabatic transport (and cooling) from Io to the outer magnetosphere. Various energization mechanisms have been proposed. One is the acceleration near the neutral sheet of ions in the presence of a residual electric field in the corotating frame due to the presence of a sweptback magnetic field [Cheng, 1990] . Another is the conversion of ions near Io into a neutral wind [Barbosa et at., 1984; Eviatar and Barbosa, 1984; Barbosa, 1986] . Here some of the fast neutral wind particles not converted back to ions in the inner magnetosphere escape into the outer magnetosphere where they are ionized by solar ultraviolet radiation. They then feel the convecting magnetic field, are swept up ("picked up"), and as a consequence gyrate at the same velocity as they translate, thus becoming energized or heated. Wave-particle interactions can then disperse the velocities from the local corotation value.
Other theories include that of magnetic pumping [Goertz, 1978] and the model of Abe and Nishida [1986] .
The present work is an expansion of the presentation of Kane et al. [1992a] . In that work, the LECP measurements were fitted to a multispecies convected K distribution function with independent thermal and spectral parameters for each species. That work considered only the dayside regions (60-30 R•) and addressed only limited aspects of the analysis. Here we begin by introducing the K distribution function and justifying its use in the Jovian magnetodisc.
Details of the neutral sheet crossing conditions and the methodology used in the study are next presented, and one particular crossing is analyzed in detail as an example. The method used for the least squares fitting is introduced, and a stability and error analysis is discussed. The global results are then presented for dayside and nightside neutral sheet crossings. Finally, the results are examined in the context of the physical processes operating in the Jovian magnetosphere.
A Convected t• Distribution Model for Hot Magnetodisc Ions
The multicomponent nature of the particle spectra of hot ions measured at Jupiter with the LECP instrument was revealed in the work of Krimigis et al. [1981] . 
In the limit as v2> > t•co02 (high energy), (6) reduces to (2), whereas when t•-->oo, (6) reduces to (1). The convected t• distribution function was introduced by Vasyliunas [1971] .
The unshifted form of the distribution was first used to describe the distribution of electrons in the Earth's magnetosphere by Olbert [1968] , who discovered that an isotropic contamination of electrons to their ion detector on the IMP 1 spacecraft could be assumed to have the functional form of (6), where V = 0. This function was adapted by Vasyliunas [1968] to model the electron distributions in the plasma sheet of Earth using OGO 1 spectral data. In a later study, Christon et al. [1989] found that in the plasma sheet of Earth during quiet times, both ion and electron The LECP sensors are mechanically rotated in a plane (the scan plane) so that each detector looks into eight directions called sectors. The time between acquisitions when the detector is rotating between sectors is small (-0.4 s); data acquired during the motion are not used. The eight sectors span the 360 ø rotation and are equally spaced 45 ø apart. One sector faces the instrument boom and is shielded. This sector is used for background determinations. For this study, 15-min averaged data were used. Since one complete 360 ø scan usually took about 6.4 min, more than two complete scans were contained in each data record. Further instrument details are given by Krimigis et al. [1977 . Table 1 lists the channels from the LECP detector used in this study. To fit the model function in (6) to the data, the eight nonmass discriminating channels PL01-PL08 were used. Above -0.5 MeV, three mass discriminating channels were used. No shift was applied to any of the absolute rates for any channel. The angular anisotropy from an additional channel (32) is used for the purpose of discussion below but is not used in the model because of this channel's poorly known and low efficiency.
The data set used for this study was reduced from the extensive measurements acquired by the LECP detector and the magnetic field (MAG) experiment on Voyager 2 during its passage through the Jovian magnetosphere. As defined more completely below, data acquired close to the neutral sheet of the magnetodisc were chosen as the focus of this study. Although a more complete set of data was also analyzed in the dayside region, the emphasis here will be on the neutral sheet crossings. Since the magnetic axis of Jupiter is tilted to the rotation axis by 9.6 ø , the disc wobbles up and down in the frame of the spacecraft, so that the detector crosses the neutral sheet periodically. Not all of the neutral sheet crossings were determined to be satisfactory crossings for our study, however. The dayside crossings used in this analysis were selected on the basis of the following set of criteria:
1. The ion count rates are at or near a maximum.
2. The magnetic inclination angle either increases or decreases monotonically during the crossing, passing through zero at the neutral sheet.
3. The magnetic field magnitude passes through a minimum.
4. The spacecraft orientation was favorable so that the LECP detector adequately scanned the convective anisotropies.
It was required that the four criteria above be satisfied simultaneously. The magnetic inclination angle is defined as the angle between the local magnetic field direction projected onto a magnetic dipole meridional plane and the line perpendicular to the planet-spacecraft (radial) line. The inclination angle will pass through zero as one passes through the neutral sheet. One such crossing that was chosen is shown in Figure 2 An examination of the dayside neutral sheet crossing data revealed that as one moved out to beyond ~60 R j, the crossings did not meet the four requirements above, probably because of proximity to the magnetopause. It was also clear from an examination of the anisotropies and the model fits that in areas closer than about 30 R j, the data were not useful for this study. Despite good crossings within this distance, the corotation flow velocities become small enough so that the model is no longer sensitive to the anisotropies encountered. Therefore the dayside study of neutral sheet crossings was limited to the region, herein called the outer magnetosphere, ranging from 60 to 30 Rj and restricted to the regions near the neutral sheet where the four criteria described above were met. Within this re- (Table 1) are different for differing species. After performing the energy integrations the model count rates were obtained for each channel and look direction by adding the two species together using (7). This model count rate array was then compared with the actual data array by calculating a normalized least squares difference.
Starting with a specified initial parameter set for the model, the problem becomes finding the best set of parameters to construct a model count rate array that fits, in a least squares sense, the actual count rate array. A procedure that can accomplish this task is the method called Table 1 except CH32, which has a very low and poorly known efficiency and was therefore not used. The anisotropies within this channel, however, are of use, since the absolute efficiency is not important in their consideration, and are discussed briefly below. In Figure 3 the least squares fit model intensities for the LEMPA channels PL01-08 are plotted. The left panel displays the calculated differential intensity incident in the PL01-PL08 range of energies viewing perpendicular to the calculated flow direction of the hot ion population. It may be seen that the heavy ion response dominates at higher energies. Because of the hotter temperature of the heavy ions, however, and the higher number density of protons, the protons dominate at low energy in this case. The center panel displays the differential intensity viewing into the flow direction. Both species are enhanced, but the heavy ions (sulfur) are more affected because of their slower thermal speed relative to their convection speed. In the right panels, the calculated count rates in PL02 (lower right panel) and PL06 are displayed as a function of viewing direction from the calculated convection velocity. Each angle corresponds to the central viewing direction of a particular sector. The wide range in angle is an indication of good convection angle coverage. In this case, the protons are primarily responsible for the activity in PL02, whereas PL06 contains mixed species. This is true in some but not all crossings.
Comparison of calculated and actual count rates appears in Figure 9 (a nightside crossing) . The results for this (dayside) crossing are similar.
Several characteristics are evident in the calculated differential intensity spectra of Figure 3 . The proton spectra are significantly cooler (i.e., peak at lower energy). This is true for most of the crossings considered in the present study. For this particular crossing, protons dominate the lowest-energy flux, whereas heavy ions dominate at high energy. The low-energy response of the LECP detector (<200 keV) is not always predominantly protons, however, because of density variation and the strong ComptonGetting effect on heavy ions. However, at large angles (>90 ø ) from the flow, the flux, according to the calculations in this study, is primarily protons at low energies.
Global Results
Having considered 1 crossing, we now present the parameter values that resulted from fits at 16 dayside neutral was the dayside. Therefore caution should be exercised when comparing the dayside and nightside results. In particular, the differences may be due to radial effects rather than transient or azimuthal variations. Nevertheless, several aspects prove interesting. The convection velocity of the plasma (top panel) appears to increase in the nearest regions (<85 R j) but after the data gap (present because of the lack of good crossings) remains nearly constant for the rest of the period. Even at distances beyond 110 R j, the plasma is still convecting in the corotation direction at speeds in excess of 400 km/s. Since the magnetodisc is much thinner here and the crossings more brief (see Figure  1) , careful consideration must be given to the possibility of gradient anisotropies due to magnetodisc edge effects contaminating the results, since we assume an isotropic population is convecting by the spacecraft in the model. The temperature difference between light and heavy species is maintained throughout the region (second panel). The pressure and density of both species fall off with increasing distance. This is not always the case in the dayside. The heavy ions dominate the pressure, and the number densities of the light and heavy species are on average similar. The hot plasma beta, as was the case for the dayside, generally falls into the range 1 to 10.
Gradient Effects
It has been demonstrated [Carbary et al., 1981; Kane et al., 1992a] that gradient anisotropies are not the primary cause of the measured LECP 30-keV to 5-MeV particle anisotropies for the dayside neutral sheet crossings. Careful consideration must be given to the data before interpreting results in the nightside region, however. The distant nightside crossings differed from those on the dayside since the plasma sheet was thinner. The spacecraft was only briefly immersed in the high particle density region called the magnetodisc. For this reason, the effect of the density gradient on the particle anisotropies must be considered. One simple means to determine whether gradient anisotropies are contaminating the results is to consider channels of different energy that measure only one species. If the channels are in the high-energy regime, where the spectral index of the distribution does not change significantly, the first-order anisotropies should, for pure convection, decrease with increasing energy. This may be seen by the form of the first-order anisotropies given as The first term of the anisotropy includes a mass species, energy, and magnetic field strength dependence in the form of the gyroradius p; contains an angular dependence in the cross product; and contains a scale-length dependence Vf/f. As an example of a nightside crossing, the period day 196, hour 1945 to 2000 UT was considered and is presented in Figure 6 . The data are sector-averaged over one scan, which makes the resolution of each trace 6.4 min long, except for several periods where there are more rapid LECP scans. To place limits on the gyroradius effects, we assume that the magnetic field is parallel to the plasma sheet (i.e., magnetodisc) near its edge. Two density gradients are present: Vfr, a radial gradient, and Vfz, a gradient perpendicular to the neutral sheet or magnetodisc plane. We assume a small azimuthal gradient. The scale size of Vfz is smaller and hence more important here and is considered below. in a later period (106 R]) where the trend does not continue was also analyzed for gradients. The same conclusions were drawn. The result is that convection is the primary cause of the anisotr0pies measured by the LECP. In some cases, the highest-energy channels (with energies up to -5 MeV) did display anisotropies that could not be well fitted with the convecting distributions; there gradients evidently played a role. However, since 11 channels are available to fit to the function, the other channels significantly constrained the parameters so that the solutions , were still valid.
Another possible perturbation to the observed anisotropies has recently been suggested by Cheng and Decker [1992] . They have shown that protons injected above the nightside magnetodisc in the field model of Goertz et al.
[1976] will execute nonadiabatic orbits as they approach the neutral sheet. In this manner, a distribution of such particles will not be isotropic in the rest frame of the plasma. The resulting observed anisotropies can appear to be the result of convection and could be misinterpreted as due to the presence of convecting plasma. Thus anisotr0-pies could be observed even if the plasma sheet was at rest with respect to the spacecraft. However, this requires a negative radial gradient of protons. If such a gradient is not present, the anisotropy will not be present. Also, the energy dependence of the anisotropy produced by this mechanism will be such that the anisotropy increases with increasing energy (R. sumption of rest frame isotropy in that it will adequately describe the anisotropies in the LECP scan plane. We are not attempting here to make any statements regarding the existence of nonadiabatic acceleration processes. In fact, such processes are undoubtedly producing particle beams observed by Voyager 2 (see Krirnigis et al. [1980] for a discussion of a particle beam observed in the nightside region). What we can conclude is that the anisotropies measured by the LECP within its scan plane in the vicinity of the neutral sheet crossings analyzed in this work are well represented by two species •< distributions convected from a rest frame in which the distributions are isotropic. For the neutral sheet crossing of Figure 6 , the calculated spectra and count rate activity in two channels are presented in Figure 8 in the same format as in Figure 3 . 
Error and Quality of Fits
Since the model calculations attempt to deconvolve mixed species rate data at low energies into individual distribution functions by a least squares fitting procedure, it was important to consider the reliability and accuracy of such a procedure, in particular to estimate the error of the resulting parameters. We first present the results of fitting to the neutral sheet crossing 1979, day 196, hour 1945 to 2000 UT considered in Figures 6, 7, and 8 . A similar analysis for a dayside crossing was presented by Kane et al. [1992a] . The left and center panels of Figure 9 contain the calculated (x) and actual (+) rate data in four channels used in the model and serve to illustrate the quality of the fits. No renormalization was applied to any channel. The center two panels of Figure 9 contain results for the proton CH1 (upper) and the heavy ion CH39, both from a different detector head, part of the Low-Energy Particle Telescope (LEPT) subsystem. Since CH39 detects helium ions, a check was made of the helium flux in CH33 (a pure helium LEPT channel). The conclusion was that the helium flux was far below that of the heavy ion and proton flux in the neutral sheet region during the Voyager 2 encounter. We previously noted that the least squares fit was made using (8). This is evident in the difference seen between the linear plots (upper and left) and the logarithmic plot (lower right). The fitting function equally weights the fractional deviation in each channel and sector, so that the fits in the log display (which reduces the apparent dynamic range in the display) appear more uniform. Since our model contained eight parameters (number density, spectral index, and temperature for each species and the vector velocity), it was important to determine the behavior of the solutions in the eight-dimensional space, subject to the possibility of false or local minima. Therefore certain parameters were subjected to a perturbation technique. The parameter was fixed at a value, then the other parameters were allowed to float while a minimization was performed. A variety of fixed values were minimized to produce a family of perturbed solutions for a given parameter. The dependence of the error (S, or (8)) of the fits was then considered as a measure of the stability and accuracy of that parameter. Examples of such calculations are presented in the two right panels of Figure 9 . Again the same nightside crossing is used. The velocity, if perturbed, increases the error. This is also true for the proton and sulfur temperatures. The minimums were at the same locations as the unperturbed solutions. This was found to be the case for other neutral sheet crossings tested (a dayside crossing result was presented in Kane et al. [1992a] ). The conclusion is that the solutions are stable and well defined. A sense of the accuracy of the solutions is obtained by examining the curves produced from the data in the two right panels. Examination of real fluctuations in model fits to rapid scan rate data as well as a detailed examination of the perturbation results yielded variations of the order of 20 to 30% for the velocity determinations and -30 to 40% for the temperature determinations. The heavy and light ion temperatures were uncorrelated.
Discussion
We now discuss the results presented and introduce further results from the model in order to address the nature of radial and azimuthal transport, ionization, and energization of magnetodisc plasma. In addition to the detailed study of neutral sheet crossings, an analysis of the entire data set from 60 to 30 Rj in the dayside region was performed using hourly averaged data, irrespective of the magnetic latitude. The hot ion fluxes remained high during this entire period on the dayside, unlike the case in the nightside, where such a study was not possible using the present model. Since the focus here is on the neutral sheet crossings, these results will be considered in a future work.
Radial Convection
Having presented the azimuthal component of the convection of magnetodisc plasma near the neutral sheet crossings, we now introduce the results for the dayside radial component in At superthermal energies, the K distribution function includes the high-energy tail, consisting of ions having energies well above the local corotation energy. Barbosa et al. [1984] suggest that thermalized pickup ions are accelerated via MHD waves. They conclude that the steepness of the high-energy tail (or largeness of the parameter g in the present study) cannot be produced via pickup and inward adiabatic radial diffusion cannot occur without strong diffusion loss, a condition they consider untenable in the outer magnetosphere. However, Paranicas et al. [1990] have found such strong losses, under the assumption of inward radial diffusion. In any event, an acceleration mechanism other than betatron acceleration associated with inward adiabatic radial diffusion is required to produce the multi-MeV heavy ions observed in the magnetodisc.
Summary
In summary, the hot ions as measured by the LECP detectors on Voyager 2 are well described by heavy and light mass • distribution functions, each having individual temperatures, densities, and spectral indices but sharing a common velocity. The observation of heavy ion thermal distributions at corotation energies is an indication of the presence of a strong corotation electric field and corotation of the plasma in the outer magnetosphere. The rate is found to be reduced on average from rigid corotation by a factor of-2 but with a large degree of scatter. The heavy ion temperature is correlated to the azimuthal velocity of the plasma, increasing with the corotational energy of the heavy ion. The proton temperatures do not follow the corotation energy of hydrogen but remain roughly at -20 keV in the dayside (60-30 Rj) region and -10 keV in the nightside (75-125 Rj) region with no long-term trends evident. The energization mechanism producing the hot ion distributions is at present undetermined, but a variety of mechanisms, including neutral wind pickup, wave-particle interactions, electric field acceleration by neutral sheet scattering, or other processes, have been proposed. The primary transport is azimuthal. The radial transport is, on average, small in comparison. Corotation at roughly 1/2 the rigid value is maintained to at least 60 Rj on the dayside and to at least 85 Rj on the nightside. Beyond 85 Rj on the nightside, a substantial corotational flow, although no longer increasing with distance, remains to the limits of the present study (125 R j). The hot ion anisotropies at the neutral sheet crossings within the regions considered result primarily from convection. Gradient anisotropies are not important in the <2-MeV ion anisotropies measured at the neutral sheet crossings. Although our sampling of phase space is limited to the LECP scan plane (___22ø), any nonadiabatic acceleration processes affecting ions <2 MeV did not significantly perturb our measured anisotropies; that is, they are well represented by convected isotropic t{ distributions. A density enhancement observed at -50 Rj on the dayside is composed primarily of heavy ions and indicates a source region.
